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(57)Ab-egeflU>stract 

AUamtoiiritftlc** diiwAUaboscricialw foi gcneiaGng ducWoty piwhJud Since (he imJuclion altanuloi wnipihw* inulliplc 
parallel »/mc3ng3, it alto"* elimination of the need for a transformer. 
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Di rect Tm-ho g eiicratftr 

Absfinct of (l ie Disc Insu re 

5 A era&sfuiTucWess direct turbogenerator for gencnifing eteetriuty h; 

provided. Sijicc the inducloun alfernalor comprises multiple parallel windings* if 
alftnvs elimination aftJie need for n transformer. 
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Direct Tur bogenerator 

Techufc al BcJd 

5 [01)01] The invention, refaie* (o (lie field of power turbines u Fed for power 
gen<:ratk>n v and more particularly taifcogenefaiors for generating electricrry which 
u&e a cyclocuitvcrtcr. 

10 

101)92] fJas (urbnicst cither derived from aeroplaur. or industrial application* 
iiavu been used jaid are- being increasitigly used to generate electrical power. 
Previously gas turhine power generation systems have used synchronous generators. 
In such stents, Ihc gas turbine is connected (o a gearbox to reduce trie speed mid 
J 5 Itoen aBaclicd to a synchronous alternator. In itccnt time* it tiaj? afso been known to 
attach a lifelj -speed alicraafar to produce rectified DC current and then produce 
usable AC by attaching an inverter. 

j0rt03 1 Tfie use of synchronous generators with a gas tuThine Co gstterulc clcrtric 
20 power has some disacJvattfagcss in that to rnaiolam a constant frequency of Clxc output 
cither tne speed of the gcxicrator must he kept constant or a frequency dtar&cr is 
required to convert the synchronous generator .signal \o au output signal with a 
precisely re&ulafcd frequency. J L lias been known to use m .uiductkm generator in 
place of a synchxemuu* generator* with a signal handling circuit finch as a frequency 
25 changer or cyeJocoovertcr &> provide au output signal having a desired Inxjuwiey 
an<1 amplitude. See United States Patent no. 3832625 «yugi. CycUjconverrers are 
usecf to convert AC power at a fixed frequency to AC power at u lower frequency, 
in such systems a transformer is general Jy required between the cycloconvcrfcr and 
Ihe alternator or between the cyeloccnverter and lac output. Such m arrangement 
30 requires a larger volume for the generator, and greater tost, 

[00t)4] There is therefore a need for a tratisibimertess turbogenerator. 
Suromaiv of i nvention 

35 

[0005| This invention provides a new type of turbogenerator that is more direct 
and thus more eJlicknt with a lower capital C06t. The direct cycloconverter also 
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eliminates fhc need lor a gqanbox but has the added advantage of avoiding flu: need 
for a DC licit. 

[0006] The present invention therefore provides a turbogenerator having : 

a) aliigbspewllurbiaeprinieiinovej:, 

h) an induction alternator, 

JO c) au excitation &ysteoi for the induction alternator comprising a 

plurality of static capacitors and switches, 

<J[) a cycloconverter connected to Ihc induction alternator, and 

15 e) a control rijeuit in control the excitation system and cydownvcrter. 

Brief Dcscr iption of Drawings 

[0M71 In drawings which illustrate a preferred embodiment of ttus invention: 



20 



Fig. 1 is a simplified schenoatic drawing of thetfi W-l turbogenerator of 
the xnveiitbn connected to a utility power grid; and 



Fig. 2 is a circuit dia&cam fltastrattiig a preferred form of transformer 
25 cycloconverter far use with the invention. 

[0008] TtiroU£to>ut ttie Mowing description, specific details are set forth in 
30 order to provide a mi)re thorough undemanding of die invention. However, the 
invention utay be practiced without tnese particulars. In other instances, well 
known eteoisnis have not been shown or described in detail to <ivoid unnecessarily 
obsccaing the invention. Accordingly* the specification and drawings are to he 
regarded rn ait illustrative, inthi-x than a restrictive, sense. 

35 
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[00(19] With reference lo l*ig. 1 , the baste direct turbogenerator of to invention 
is de6/&aated as 10 wfth an adaptation 12 for connection lo a utility power system. 
The direct twrbogenerafor 10 includes a pa wer lurbine 14, an inductfon alternator 
16, exciter 18, cydouonvcrfcr 20 and control 22. tt may also have an auxiliary 
5 source of AC power 24 for Btarriug die gas turbine (not shown). 

[OOltij Power turbine 14, shown schwriatically in Kg. 1 on shaft 24 and having 
power shaft 26, ispaif of a gas turbine engine-, die remaining pares, primarily the 
compressor and cumbufilor, not being srwn. The gas turbine af which power 

10 turbSue 14 is & part will preferably be a micro-turbine, inna-turbine, or small gas 
Carbine, having a power output in thii general range of 25 kilowatts lo 20 megawatts. 
Any type of gas turbine engine, whether simple cycle, recuperaled or intetwoled 
and recuperated may bs used. The power turbtiut may be connected by shaft 24 to 
the compressor, as in a ringte spool gas mrbine engines or it may bs on a separate 

15 shaft from the compressor, as in a double spool gas turbine engine. If a single 
spool gas turbine is used, an auxiliary AC power source may be presided in 
connection with the eyebcouverter 20 to crank tbe shaft 26 to start tlte gas tarhine. 

JjOOiTt Induction alternator 16 is coupled to power turbine 14 either directly by 
20 shaft 26 or through, a gearbox (not shown). It is excited by exciter 18 which is a 
plurality of sialic capacilors and swifches. Baiter 18 is controlied by controller 22, 
which may be for example a Programmable Logie ControUer. 

[0012] Where the turbogenerator is to be interfaced to a utility power system 36, 
25 iiucre 30 can be connected to Ihc output These may be smoothing reactor or LC 
filters. Interface switches 32 may aUx> he connected, controlled by controller 22, lo 
isolate the circuit from the utility grid in the event of outage surges, ground faults 
and the like. The output, power is connected to AC Bus 34* to uti h'ty power 36 or 
both AC Bus 34 andmUity power 36,. 

30 

[0013] Figure 2 is a circuit diagram illustrating the preferred circnil of (lie 
invention, foductton alternator 16 lias tluee individual phase windings 41 , 43, 45. 
Excitation is provided by a plurality of capacitors 45 and switches 47 arrayed 
around the stater 40, The switch capacitor arrangement around Hie mduetion 
35 allcxrtatoi stator 40 provides the necessary reactive power for the excitation of the 
alteniator as well as a means of counteracting the effects of phase control current 
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itota ttui naturally corormitafcd uyclowmv cer. This is an ituprovcmratt over the 
past, approach when? naturally cotTnimtated cycloconyertett were connected cr> a 
synchmnanR alternator that supplied euircnfc with riprificant diRpbcejyieiil.fruiuttjcir 
hllcrnally produi'-cd voltages Thfa result* iix tower losses, higher efficiency sod 
5 desired siring and capital <mis arc achieved wich ihis approach. Since the induc- 
tion alternator comprises multiple parallel windings U altows elimination of the 
fransfaimcr 

|0014j Cyclotonvcrter 20 oosnpiises a plurality oi* switches 50 » preferably si*. 
10 These may he silicon controlled rectifiers, Where an independent alternating 
current power nunc 28 bade feeds Jhe cydDCuntfcrfcr, it can be used to start the 
prime tnr>ven}6to£ Ihe induction alternator. 

[001SJ The present tavention totfoir. provides a turlwgCiicrdtor having: 

15 

a) a high speed turbine prune ittovcXj 

b) ari induction alternator,, 

20 c) m excitation system for the, induction alternator coa^fisiog a 

plurality of static capacitors and switches* 

d> a eydocorrvercer cojCHiccfed to the indue lion iutxnrjatnr,, and 

25 e) a control circuit to coiurol die excitation system and cycbwmverier. 

Prufcrabfy the cyclocunverter is naturally coinniutatod. 

(001 6J A* will be apparent from the- foregoing, this invention lias ciaes for bolh 
30 the production of electrical power at commercial power frequencies and driving of 
motors in applications such locoruotivcs, ships autf other vehicle applications. 

[tiOVl) as will be apparent lo those sfciffetf in the art in the light of the foregoing 
dtectosu«\ many alterations and modifications are possible in the pcacikc of this 
35 invention without departing from the spirit or suope thereof. Accordingly, (he ia:ope 
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nf the invention is to be ewislAied in accordance with the nifistajice defined Itjt the 
following claims. 
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WHAT IS CLAMED IS; 
t . A turhagen&rator voinprising: 

5 a) a high speed turbine prime mow; 

b) an induction alternator; 

c) an excitation system for said induction altcsfnator comprising a plural- 
10 ny of storic capacitors and switch 

d) a uyclocimvtrfcr crttinCclctf f» said rnduction alternator, and 

e) a controf circuit to control said eamtaifcm system and cycloconvcrte 

15 

2. Tbe tmbog&nerator nf claim 1 wterein said induction alter.uaior compr- 
ises multiple parallc] windings aflowirig elimioation of the transformer. 

3. The turbogtaievator of cJaim 1 farther comprising an codeoeiiJfcftt 

20 al&mating current power sou] ccback in chruit with said cyc-locoiiveiier to permit 
starting of fl» prime mover using the induction alternator. 

4. The turbogenerator of cfatra 1 wherein said cycloeonvcrfer is naturally 
cnninmtated. . 

25 
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